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SUMMARY 

 The graphs used by the Maryland State Highway Administration (MD SHA) for 

determining the allowable bearing capacity of shallow foundations are presented in Policy and 

Procedure Memorandum Memo No. D-79-18-(4), March 29, 1979.  The graphs were originally 

published in Basic Soils Engineering by B.K. Hough, published by the Roland Press Company, 

1957.  The graphs related the Standard Penetration Test (SPT) in blows/ft to the maximum 

advisable presumptive bearing value.  The major drawbacks to the use of these graphs are that 

they do not consider the effects of the depth, shape and the size of the footing, the location of the 

water table, and the factor of safety.  The graphs are very conservative, which suggests that they 

do not provide accurate, cost effective designs, and in the case of a high water table they provide 

unsafe values, however, their main advantage is that they are simple to use. 

 In this study, new graphs were developed to determine the bearing capacity of shallow 

foundations as a function of the SPT N-value.  The new graphs consider the effect of depth, size 

and shape of the footing, type of soil, factor of safety and the location of the water table.  The 

new graphs are based on the American Association of State Highway and Transportation 

Officials (AASHTO) bearing capacity equations. 

 If laboratory testing is performed on the bearing soils, and engineering properties such as 

unit weight, shear strength, compressive strength, etc, are determined, the bearing capacity can 

be determined using AASHTO bearing capacity equations, which are included in the report.  

Laboratory testing is strongly recommended for cohesive soils. 

 If no shearing strength testing is performed, the soil strength parameters for granular soils 

can be estimated from knowledge of the SPT N-value and the soil strength parameters for 

cohesive soils can be estimated from both the soil index parameters and the SPT N-value.  Using 



iii 

these estimations the AASHTO equations were then used to establish a correlation between the 

bearing capacity and the N-value.  These correlations are presented in both table form and graph 

form.  By knowing the SPT N-value, the width of the footing B, and the depth of the foundation 

D, the engineer will be able to come up with a quick estimation of the ultimate bearing capacity 

by using the graphs or the tables.  These values are not to be used in final design. 

 The SPT should be used with discreet judgment when it is used to estimate the bearing 

capacity of cohesive soils since silt and clay may be stiffened or softened depending on an 

increase or decrease of their moisture contents.  Although the goal of the present study is to 

produce charts providing quick estimates of the bearing capacity, one should not forget that 

settlement is a controlling mechanism in foundation design and was not addressed within the 

scope of this project. 
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Note:  Settlement was not considered in the graphs. 

Bearing Capacity for a Footing on Granular Soils 

Square Footing on Granular Soils
qult = γ [D x1 + B x2] psf 

FSqq ultall =  
γ in pcf, D in ft, B in ft 
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qult = γ [D x1 + B x2] psf 
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Note: Settlement was not considered in the graphs. 

Bearing Capacity for a Footing on Cohesive Soils 
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x1 and x2 Factors as a Function of SPT N-value for a Wall Footing 

N x1 x2 N x1 x2 
2 14.11 7.91  28 35.08 25.67 
4 15.06 8.62  30 37.75 28.15 
6 16.09 9.41  32 40.85 31.12 
8 17.22 10.28  34 44.12 34.28 

10 18.40 11.20  36 47.73 37.83 
12 19.74 12.28  38 51.74 41.86 
14 21.14 13.42  40 55.96 46.12 
16 22.67 14.69  42 60.90 51.27 
18 24.34 16.10  44 66.14 56.79 
20 26.09 17.59  46 71.96 63.03 
22 28.10 19.36  48 78.49 70.18 
24 30.21 21.23  50 85.38 77.77 
26 32.53 23.32     

x1 and x2 Factors as a Function of SPT N-value for a Square Footing 

N x1 x2 N x1 x2 
2 21.49 4.75  28 60.02 15.40 
4 23.13 5.17  30 65.19 16.89 
6 24.94 5.65  32 71.20 18.67 
8 26.91 6.17  34 77.61 20.57 

10 29.02 6.72  36 84.77 22.70 
12 31.41 7.37  38 92.77 25.12 
14 33.95 8.05  40 101.23 27.68 
16 36.73 8.81  42 111.26 30.77 
18 39.79 9.66  44 122.03 34.07 
20 43.02 10.56  46 134.06 37.82 
22 46.76 11.61  48 147.72 42.11 
24 50.72 12.74  50 162.22 46.67 
26 55.14 13.99     

Ultimate Bearing Capacity as a Function of SPT N-value for a Wall Footing 

Soil Type Range of qult in psf Average of qult in psf 
Clays of High Plasticity (CH) (1059 to 1613) N 1336 N 

Clays of Medium Plasticity (CL) (505 to 1059) N 782 N 
Clays of Low Plasticity and Clayey Silt (SC-ML) (275 to 505) N 390 N 

Ultimate Bearing Capacity as a Function of SPT N-value for a Square Footing 

Soil Type Range of qult in psf Average of qult in psf 
Clay of High Plasticity (CH) (1265  to 1927) N 1596 N 

Clay of Medium Plasticity (CL) (603  to 1265) N 934 N 
Clay of Low plasticity and Clayey silt (SC-ML) (329  to 603) N 466 N 
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CHAPTER I 

INTRODUCTION 

1.1 General Overview 

 The graphs used by the Maryland State Highway Administration (MD SHA) for 

determining the allowable bearing capacity of shallow foundations are presented in Policy and 

Procedure Memorandum Memo No. D-79-18-(4), March 29, 1979.  The graphs were originally 

published in Basic Soils Engineering by B.K. Hough, published by the Roland Press Company, 

1957.  The graphs, Fig. 1.1 and Fig 1.2, related the Standard Penetration Test (SPT) in blows/ft 

to the maximum advisable presumptive bearing value.  The major drawbacks to the use of these 

graphs are that they do not consider the effects of the depth, shape and the size of the footing, the 

location of the water table, or the factor of safety considered.  They are also very conservative, 

which suggests that they do not provide accurate, cost effective designs, and in the case of a high 

water table they provide unsafe values, however, their main advantage is that they are simple to 

use. 

1.2 Objective of the Study 

 The objective of the study is to develop new graphs that relate the SPT N-value to the 

bearing pressure.  The new graphs are to use the American Association of State Highway and 

Transportation Officials (AASHTO) bearing capacity equations.  The new graphs will thus 

consider the effects of the depth, shape and size of the footing, soil properties, factor of safety, 

and location of the water table.  The challenge here is to have the new graphs as simple to use as 

the current ones. 
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Fig. 1.1 Maryland SHA graphs for granular soils 
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Fig. 1.2 Maryland SHA graphs for clay and mixed soils 
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 Prior to developing the graphs, the correlation between the SPT N-Value and the soil 

strength parameters based on current research were developed.  This is because soil strength 

parameters are the needed input into the bearing capacity equation. 

1.3 Organization of the Report 

 This report is divided into six chapters.  Chapter II presents the relationships between the 

soil properties and the SPT N values.  Chapter III summarizes the available bearing capacity 

equations, and Chapter IV presents the development of the new graphs.  Chapter V shows the 

application of both the current and new graphs in several examples, and Chapter VI presents the 

conclusion of the study. 
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CHAPTER II 

SOIL PROPERTIES FROM SPT VALUES 

2.1 Overview 

 To determine the bearing capacity using the bearing capacity equations, the soil 

properties should be known.  Laboratory testing should be performed as necessary to determine 

engineering properties including unit weight, shear strength, compressive strength and 

comparisonability.  If laboratory testing is not performed, the soil strength parameters for both 

granular and cohesive soils as a function of the SPT N-value will be needed.  In this chapter the 

correlation between the SPT N-value and the soil strength parameters is presented.  As discussed 

by McGregor and Duncan (1998) the existing correlations generally use the uncorrected SPT 

blow count, N.  However, hammers delivering 60% of the theoretical energy have been the most 

commonly used hammers for SPT tests, and it seems likely that the data on which these 

correlations were based was obtained primarily from tests with such hammers.  It, therefore, 

seems logical to use N60 with these correlations. 

2.2 SPT N-Value Correction 

 The adoption of the 60% standard energy requires the SPT N-value obtained using any 

hammer to be corrected.  The correction is done in accordance with the following equation: 

 ( )60/60 ff ERNN ⋅=  

where 

 N60 = SPT N-value corrected to 60% of the theoretical free fall hammer energy 

 Nf = SPT N-value obtained in the field 

 ERf = Energy ratio for hammer used in the investigation (measured) 
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2.3 Friction Angle of Granular Soils 

 The SPT can be used to estimate the in-situ angle of internal friction φ for granular soils.  

The SPT test is commonly used to estimate the properties of cohesionless soils due to the 

difficulty in obtaining undisturbed samples.  It should be stated that the SPT number may be 

misleading if large-size gravel is wedged into the split spoon sampler, resulting in apparently 

high N-values. 

 The angle of friction of granular soils, ϕ, has been correlated to the standard penetration 

number.  Peck, Hanson, and Thornburn (1953) gave a correlation between N and ϕ in a graphical 

form, Fig 2.1, which can be approximated as (Wolff, 1989) 

 200054.03.01.27 NN −+=°ϕ  (2.1) 

In Japan the “Road Bridge Specifications” (Shioi and Fukui 1982) suggests for N > 5, 

 ( ) 1515 2
1
+= Nϕ  (2.2) 

and the “Design Standards for Structures” (Shioi and Fukui, 1982): 

 °+= 273.0 Nϕ  (2.3) 

Table 2.1 shows the values of ϕ as a function of the SPT N-value.  The values from equation 2.3, 

are very close to the values of equation 2.1.  Thus, equation 2.3 is recommended in this study as 

a good linear approximation of the relationship between the angle ϕ and the blow count N. 
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Fig. 2.1 Correlation between friction angle and SPT N-value (from Peck, Hanson, and 

Thornburn, 1953) 
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TABLE 2.1  Angle of Friction from Different Equations 

N60 Eq. 2.1 Eq. 2.2 Eq. 2.3 
2 27.70  27.60 
4 28.29  28.20 
6 28.88 24.49 28.80 
8 29.46 25.95 29.40 
10 30.15 27.25 30.00 
12 30.62 28.42 30.60 
14 31.19 29.49 31.20 
16 31.76 30.49 31.80 
18 32.33 31.43 32.40 
20 32.88 32.32 33.00 
22 33.44 33.16 33.60 
24 33.98 33.97 34.20 
26 34.53 34.75 34.80 
28 35.08 35.49 35.40 
30 35.61 36.21 36.00 
32 36.15 36.91 36.60 
34 36.08 37.58 37.20 
36 37.20 38.24 37.80 
38 37.72 38.87 38.40 
40 38.24 39.49 39.00 
42 38.75 40.09 39.60 
44 39.25 40.69 40.20 
46 39.76 41.27 40.80 
48 40.26 41.83 41.40 
50 40.75 42.39 42.00 

 

2.4 Cohesion of Cohesive Soils 

 The SPT N-value for a given clay may vary significantly with seasonal fluctuations in the 

water table.  Thus, the values may fall short of providing information on the characteristics of the 

clay, mainly its strength.  There are correlations that estimate the undrained shear strength of 

clay as a function of the SPT N-value.  These correlations are not as meaningful for sensitive and 

medium to soft clays where effects of disturbance during sampler penetration may cause a 

lowering in the SPT N-value. 
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 The Japanese “Road Bridge Specifications” (Shioi and Fukui, 1982) offer a correlation 

between the cohesion, c, and the SPT N-value for cohesive soils: 

 ( )Nc 102.0  to061.0=  tsf 

Sowers (1979) presented the relationship between the SPT N-value and the underained shear 

strength Su that is shown in Fig. 2.2.  The relationship can be represented by: 

 For clays with high plasticity: 

 ( )NSu 179.0  to102.0=  tsf 

 For clays with medium plasticity: 

 ( )NSu 102.0  to051.0=  tsf 

 For clays of low plasticity and clayey silts: 

 ( )NSu 051.0  to026.0=  tsf 

In Fig. 2.3 the NAVFAC, 1982 relationships between the SPT N-value and the unconfined 

compressive strength are presented.  They can be summarized as: 

 An average relationship for all clays by Terzaghi and Peck: c = 0.066N tsf 

 For clay of high plasticity, Sowers, 

 c = 0.13N tsf 

 For clays of Medium plasticity, Sowers, 

 c = 0.076N tsf 

 For clays of low plasticity and clayey silts, Sowers, 

 c = 0.038N tsf 

 To add further insight into the correlation between the N-value and the shear strength of 

fine grained soil, a study by Henmueller (2001) was undertaken and is presented in appendix B.   
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Fig. 2.2 Relationship between SPT N-value and the undrained shear strength (Sowers, 

1979) 
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Fig. 2.3 Relationship between SPT N-value and Unconfined Compressive strength (from 

NAVFAC 1982) 
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In the study, soil borings used in the design of the metro subway system were used for making 

comparisons between SPT N-values and the shear strength of fine grained soils.  The study 

concluded that there is a correlation between the SPT N-value and the shear strength of fine 

grained soils.  However, sensitive clays indicate less correlation because of their dependence on 

moisture content.  From the above information, it is concluded that if no test was performed on 

the cohesive soils, the following relationships in Table 2.2 could be used: 

TABLE 2.2  Relationships Between Shear Strength and N-
values for Cohesive Soils 

Type of Clay Cohesion (tsf) 

High plasticity (CH) c = 0.13 N 
Medium plasticity (CL) c = 0.076 N 

Low plasticity and clayey silt (SC-ML) c = 0.038 N 
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CHAPTER III 

AVAILABLE BEARING CAPACITY EQUATIONS 

 Due to extensive research in the topic of bearing capacity, numerous methods of analysis 

have been developed.  The research started by Terzaghi (1943) and was followed by Skempton 

(1951), Meyerhof (1951), Hansen (1961), De Beer and Ladanyi (1961), Meyerhof (1963), 

Hansen (1970), Vesic (1973, 1975), and others.  The most popular and widely used bearing 

capacity equations in practice today are the Terzaghi and AASHTO equations.  The following is 

a short description of each. 

3.1 Terzaghi’s Bearing Capacity Equations 

 The Terzaghi (1943) set of equations were the first to be proposed.  They have been very 

widely used since then and continue to be in great use mainly because of their relative simplicity.  

Terzaghi used trial wedges of the type assumed by Prandtl (1921), expanding and improving on 

Prandtl’s theory.  The expressions of bearing capacity obtained by Terzaghi are: 

 Long footings: 

 γγγ BNDNcN qc 5.0q ult ++=  (3.1) 

 Square footings: 

 γγγ BNDNcN qc 4.03.1q ult ++=  (3.2) 

 Circular footings: 

 γγγ BNDNcN qc 3.03.1qult ++=  (3.3) 

 where: 

  c = cohesion of soil 

  γ = unit weight of soil 

  D = depth of foundation 
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  B = width of foundation (diameter for a circular foundation) 

  Nc, Nq, Nγ = bearing capacity factors that are nondimensional and are only 

functions of the soil friction angle, φ.  These factors are shown in Table 3.1. 

TABLE 3.1  Terzaghi’s Bearing Capacity Factors 

φ Nc Nq Nγ φ Nc Nq Nγ 
0 5.70 1.00 0.00 26 27.09 14.21 9.84 
1 6.00 1.10 0.01 27 29.24 15.90 11.60 
2 6.30 1.22 0.04 28 31.61 17.81 13.70 
3 6.62 1.35 0.06 29 34.24 19.98 16.18 
4 6.97 1.49 0.10 30 37.16 22.46 19.13 
5 7.34 1.64 0.14 31 40.41 25.28 22.65 
6 7.73 1.81 0.20 32 44.04 28.52 26.87 
7 8.15 2.00 0.27 33 48.09 32.23 31.94 
8 8.60 2.21 0.35 34 52.64 36.50 38.04 
9 9.09 2.44 0.44 35 57.75 41.44 45.41 
10 9.61 2.69 0.56 36 63.53 47.16 54.36 
11 10.16 2.98 0.69 37 70.01 53.80 65.27 
12 10.76 3.29 0.85 38 77.50 61.55 78.61 
13 11.41 3.63 1.04 39 85.97 70.61 95.03 
14 12.11 4.02 1.26 40 95.66 81.27 115.31 
15 12.86 4.45 1.52 41 106.81 93.85 140.51 
16 13.68 4.92 1.82 42 119.67 108.75 171.99 
17 14.60 5.45 2.18 43 134.58 126.50 211.56 
18 15.12 6.04 2.59 44 151.95 147.74 261.60 
19 16.56 6.70 3.07 45 172.28 173.28 325.34 
20 17.69 7.44 3.64 46 196.22 204.19 407.11 
21 18.92 8.26 4.31 47 224.55 241.80 512.84 
22 20.27 9.19 5.09 48 258.28 287.85 650.67 
23 21.75 10.23 6.00 49 298.71 344.63 831.99 
24 23.36 11.40 7.08 50 347.50 415.14 1072.80 
25 25.13 12.72 8.34     

 

3.2 AASHTO Bearing Capacity Equations 

 In AASHTO, section 4, Foundations, it states that foundations shall be designed to 

provide adequate structural capacity, and adequate foundation bearing capacity with acceptable 

settlements.  According to AASHTO the ultimate bearing capacity may be estimated using the 

following relationship for continuous footing (i.e., L > 5B) 
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 qc qNBNcN ++= γγ5.0qult  (AASHTO 4.4.7.1-1) 

The allowable bearing capacity shall be determined as: 

 FSqq ultall /=  (AASHTO 4.4.7.1-2) 

the modified form of the general bearing capacity equation that accounts for the effects of 

footing shape, base inclination, and inclined loads is as follows: 

 qqqqccccult ibsqNibsBNibscNq ++= γγγγγ5.0  (AASHTO 4.4.7.1.1-1) 

where Nc, Nγ, and Nq are bearing capacity factors that are functions of the friction angle of the 

soil φ and are shown in Table 3.2; sc, sγ, and sq are footing shape factors, ic, iγ, and iq are inclined 

load factors; and bc, bγ, and bq are inclined base factors; c is the soil cohesion; γ is the unit weight 

of soil below the footing base; B is the footing width; q is the surcharge load above the footing 

base, which is equal to γD where D is the footing depth and γ is the unit weight of the soil above 

the footing base.  AASHTO expressions for shape, and load and base inclination factors are 

presented in Table 3.3. 

 AASHTO states that a minimum factor of safety (FS) of 3.0 against a bearing capacity 

failure should be used. 
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TABLE 3.2  Bearing Capacity Factors (AASHTO) 

φ Nc Nq Nγ φ Nc Nq Nγ 
0 5.14 1.00 0.00 26 22.25 11.85 12.54 
1 5.38 1.09 0.07 27 23.94 13.20 14.47 
2 5.63 1.20 0.15 28 25.80 14.72 16.72 
3 5.90 1.31 0.24 29 27.86 16.44 19.34 
4 6.19 1.43 0.34 30 30.14 18.40 22.40 
5 6.49 1.57 0.45 31 32.67 20.63 25.99 
6 6.81 1.72 0.57 32 35.49 23.18 30.22 
7 7.16 1.88 0.71 33 38.64 26.09 35.19 
8 7.53 2.06 0.86 34 42.16 29.44 41.06 
9 7.92 2.25 1.03 35 46.12 33.30 48.03 
10 8.35 2.47 1.22 36 50.59 37.75 56.31 
11 8.80 2.71 1.44 37 55.63 42.92 66.19 
12 9.28 2.97 1.69 38 61.35 48.93 78.03 
13 9.81 3.26 1.97 39 67.87 55.96 92.25 
14 10.37 3.59 2.29 40 75.31 64.20 109.41 
15 10.98 3.94 2.65 41 83.86 73.90 130.22 
16 11.63 4.34 3.06 42 93.71 85.38 155.55 
17 12.34 4.77 3.53 43 105.11 99.02 186.54 
18 13.10 5.26 4.07 44 118.37 115.31 224.64 
19 13.93 5.80 4.68 45 133.88 134.88 271.76 
20 14.83 6.40 5.39 46 152.10 158.51 330.35 
21 15.82 7.07 6.20 47 173.64 187.21 403.67 
22 16.88 7.82 7.13 48 199.26 222.31 496.01 
23 18.05 8.66 8.20 49 229.93 265.51 613.16 
24 19.32 9.60 9.44 50 266.89 319.07 762.89 
25 20.72 10.66 10.88     
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TABLE 3.3  AASHTO Expressions for Footing Shape, Load and Base Inclination Factors 

Shape Factor 
For continuous footing (L > 5B): 1=== γsss qc  

For rectangular footing where L < 5B: ( )( )cqc NNLBs //1+=  

 ( ) φtan/1 LBsq +=  

 ( )LBs /4.01−=γ  

For circular footings: LB =  
Load Inclination Factors 
For φ > 0: ( )[ ]φtan/1 cqqc Niii −−=  

For φ = 0: ( )cc NcLBPni    / 1−=  

( )[ ]nq cLBQPi φcot   /1 +−=  

( )[ ]( )1cot   /1 ++−= ncLBQPi φγ  

( ) ( )[ ] ( ) ( )[ ] θθ 22 sin/1//2cos/1//2 LBLBBLBLn +++++=  
P = applied shear load 
Q = applied normal load 
Base Inclination Factors 

( )2tan1 φαγ −== bbq  

For φ > 0: ( ) φγγ tan/1 cc Nbbb −−=  

For φ = 0: ( )[ ]2/21 +−= παcb  

α = base inclination angle 
However, footings with inclined bases are not recommended 
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CHAPTER IV 

DEVELOPMENT OF THE NEW GRAPHS 

4.1 Graphs for Footing on Granular Soils 

4.1.1 Wall Footing 

 The AASHTO equation: 

 qqqqccccult ibsqNibsBNibscNq ++= γγγγγ5.0  

will have: i) c = 0 for granular soil; ii) sc = sq = sγ = 1 for L > 5B; iii) ic = iq = iγ = 1 for vertical 

load, and iv) bc = bq = bγ = 1 for horizontal base, thus the AASHTO equation will be: 

 [ ]
[ ]21

5.0

5.0

BxDx
BNDN

BNDNq

q

qult

+=

+=

+=

γ

γ

γγ

γ

γ

 

where x1 = Nq and x2 = 0.5 Nγ 

Figure 4.1 and Table 4.1 show the values of x1 and x2 as a function of N60.  Appendix A-1 shows 

the determination of x1 and x2 as a function of ϕ. 

4.1.2 Square Footing 

 The AASHTO equation: 

 qqqqccccult ibsqNibsBNibscNq ++= γγγγγ5.0  

will have: i) c = 0 for granular soil; ii) sq = 1 + tan ϕ, sγ = 0.6; iii) ic = iq = iγ = 1 for vertical load, 

and iv) bc = bq = bγ = 1 for horizontal base, thus the AASHTO equation will be: 

 

( )
( )[ ]

[ ]21

3.0tan1

6.05.0tan1

BxDx
BNND

BNDNq

q

qult

+=

++=

++=

γ

φγ

γφγ

γ

γ

 

where x1 = (1 + tan φ) Nq and x2 = 0.3 Nγ 
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Note: Settlement was not considered in the graph 

 

 

 

 

Fig. 4.1 x1 and x2 factors as a function of N-value for a wall footing 
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Figure 4.2 and Table 4.2 show the values of x1 and x2 as a function of N60.  Appendix A-2 shows 

the determination of x1 and x2 as a function of ϕ. 

TABLE 4.1  x1 and x2 Factors as a Function of N60 for a Wall Footing 

N60 x1 x2 N60 x1 x2 
2 14.11 7.91 28 35.08 25.67 
4 15.06 8.62 30 37.75 28.15 
6 16.09 9.41 32 40.85 31.12 
8 17.22 10.28 34 44.12 34.28 
10 18.40 11.20 36 47.73 37.83 
12 19.74 12.28 38 51.74 41.86 
14 21.14 13.42 40 55.96 46.12 
16 22.67 14.69 42 60.90 51.27 
18 24.34 16.10 44 66.14 56.79 
20 26.09 17.59 46 71.96 63.03 
22 28.10 19.36 48 78.49 70.18 
24 30.21 21.23 50 85.38 77.77 
26 32.53 23.32    

 

TABLE 4.2  x1 and x2 Factors as a Function of N60 for a Square Footing 

N60 x1 x2 N60 x1 x2 
2 21.49 4.75 28 60.02 15.40 
4 23.13 5.17 30 65.19 16.89 
6 24.94 5.65 32 71.20 18.67 
8 26.91 6.17 34 77.61 20.57 
10 29.02 6.72 36 84.77 22.70 
12 31.41 7.37 38 92.77 25.12 
14 33.95 8.05 40 101.23 27.68 
16 36.73 8.81 42 111.26 30.77 
18 39.79 9.66 44 122.03 34.07 
20 43.02 10.56 46 134.06 37.82 
22 46.76 11.61 48 147.72 42.11 
24 50.72 12.74 50 162.22 46.67 
26 55.14 13.99    
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Note: Settlement was not considered in the graph. 

 

 

 

Fig. 4.2 x1 and x2 factors as a function of N-value for a square footing 
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4.2 Effect of Water Table 

 Ultimate bearing capacity should be determined using the highest anticipated ground 

water level at the footing location.  Depending on the relative position of the water table level to 

the level of the base of the footing, three cases can be considered, case 1, depth of water table 

below the footing Zw is larger than the footing width B as shown in Fig. 4.3.; case 2, depth of 

water table is smaller than B, and case 3, the water table is above the base of the footing. 

 The equation for bearing capacity is: 

 [ ]BxDxqult 21 += γ  

 can be written as 

 

Fig. 4.3 Water Table Level 
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 BxDxqult 2211 γγ +=  

 where γ1 represent the unit weight of soils above the footing base 

 and γ2 represent the unit weight of soils below the footing base 

Case 1  Zw > B 

For both γ1 and γ2 use the dry unit weight γd, water table has no effect on the bearing capacity. 

Case 2  Zw < B 

For γ1, use γd, and for γ2 use 

 ( )bd
w

b B
Z

γγγγ −+=2  

where γb, buoyant unit weight of soils equal the saturated unit weight γsat minus the unit weight 

of water γw, i.e., 

 wsatb γγγ −=  

Case 3  Zw ≤ 0 

For γ1 use γd up to the water table elevation, and γb up to the elevation of the footing base, and for 

γ2 use γb. 

4.3 Graphs for Footing on Cohesive Soils 

4.3.1 Wall Footing 

 The AASHTO equation: 

 qqqqccccult ibsqNibsBNibscNq ++= γγγγγ5.0  

will have: i) for ϕ = 0, Nc = 5.14, Nq = 1.0 and Nγ = 0.0 

 ii) sc = sq = sγ = 1 for L > 5B 

 iii) ic = iq = iγ = 1 for vertical load 

and iv) bc = bq = bγ = 1 for horizontal base 
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thus the AASHTO equation will be: 

 Dcqult γ+= 14.5  

by neglecting γD, the equation will be  

 cqult 14.5=  

For clay of high plasticity: 

 ( ) NNqult 668.013.014.5 ==  tsf 

  =  1336N psf 

For clay of medium plasticity: 

 qult = 5.14 (0.076N) 

 = 0.391N tsf 

 =   782N psf 

For clay of low plastic and clayey silts: 

 qult = 5.14 (0.038N) 

 = 0.195N tsf 

 =    390N psf 

Figure 4.4 and Table 4.3 show the ultimate bearing capacity as a function of SPT N-value for a 

wall footing. 

TABLE 4.3  Ultimate Bearing Capacity as a Function of SPT N-value for a Wall Footing 

Soil Type Range of qult in psf Average of qult in psf 
Clays of High Plasticity (CH) (1059 to 1613) N 1336 N 

Clays of Medium Plasticity (CL) (505 to 1059) N 782 N 
Clays of Low Plasticity and Clayey Silt (SC-ML) (275 to 505) N 390 N 
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Note: Settlement was not considered in the graph. 

 

 

Fig. 4.4 Ultimate Bearing Capacity as a function of N-value for a wall footing 
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4.3.2 Square Footing 

 The AASHTO equation 

 qqqqccccult ibsqNibsBNibscNq ++= γγγγγ5.0  

will have: i) for ϕ = 0, Nc = 5.14, Nq = 1.0 and Nγ = 0.0 

 ii) 195.1
14.5
0.11 =





+=cs , sq = 1, sγ = 1 – 0.4 = 0.6 

 iii) ic = iq = iγ = 1 for vertical load 

and iv) bc = bq = bγ = 1 for horizontal base 

thus the AASHTO equation will be: 

 ( ) Dcqult γ+= 195.114.5  

 Dcqult γ+= 14.6  

by neglecting γD, the equation will be 

 cqult 14.6=  

For clay of high plasticity: 

 ( ) NNqult 798.013.014.6 ==  tsf 

  =  1596N psf 

For clay of medium plasticity: 

 ( ) NNqult 467.0076.014.6 ==  tsf 

   =    934N  psf 

For clay of low plasticity and clayey silts 

 ( ) NNqult 233.0038.014.6 ==  tsf 
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   =    466N psf 

Figure 4.5 and Table 4.4 show the ultimate bearing capacity as a function of SPT N-value for a 

square footing. 

TABLE 4.4  Ultimate Bearing Capacity as a Function of SPT N-value for a Square 
Footing 

Soil Type Range of qult in psf Average of qult in psf 
Clay of High Plasticity (CH) 1265 N  to 1927 N 1596 N 

Clay of Medium Plasticity (CL) 603 N  to 1265 N 934 N 
Clay of Low plasticity and Clayey silt (SC-ML) 329 N  to 603 N 466 N 
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Note: Settlement was not considered in the graph. 

 

 

 

Fig. 4.5 Ultimate Bearing Capacity as a function of N-value for a square footing. 
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CHAPTER V 

APPLICATIONS OF CURRENT AND NEW GRAPHS 

 To show the difference between bearing capacity values determined using the State 

graphs and the new graphs that are based on AASHTO equations, the following examples are 

presented. 

 The examples will assume that a footing for a retaining wall rests on level ground and is 

subjected to vertical loading.  For the retaining wall, the footing can be considered continuous 

with its length L larger than its width B (at least L > 5B). 

Example 1 

 For the footing of a retaining wall, calculate the allowable bearing capacity if the footing 

width is B ft and its base rests 3 ft below the ground surface.  Assume the soil below the footing 

is a uniform fine sand with an average value of standard penetration resistance (blows/ft) of 6. 

Solution: 

a) Using the MD, SHA charts (D-79-18(4)), (Fig. 1.1) the allowable bearing capacity for the 

uniform fine sand with 6 blows/ft is 2000 lb/ft2. 

b) Using the new graphs, the allowable bearing capacity is a function of the width B, hence, 

it will be calculated in this example for B = 2, 4, 6, 8 ft.  Assume also that γ = 110 lb/ft3. 

For a Wall Footing: 

 [ ]21 BxDxqult += γ  

From Table 4.1, for N = 6, x1 = 16.09 and x2 =9.41. 

Thus:  [ ]41.909.16110 ×+×= BDqult  

For B = 2 ft and D = 3 ft 

 [ ] 738041.9209.163110 =×+×=ultq  psf 
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For a factor of safety of 3, the allowable q is 

 2lb/ft 2460
3

7380
==allq  

The computations for the other widths use the same equation, with the following results: 

B 
(ft) 

qult 
(psf) 

qall 
(psf) 

   
2 7380 2460 
4 9450 3150 
6 11520 3840 
8 13590 4530 

 

Figure 5.1 shows the allowable bearing pressure as a function of the width B plotted using the 

state graphs and using the new graphs.  As can be seen, the bearing pressure from the State 

graphs is very conservative.  The result of this is that their use will not provide a cost effective 

design. 

Example 2 

 In Example 1, a low blow count was used for the sand.  In this example, all parameters 

are the same as in Example 1, except the blow count is 30. 

Solution: 

a) Using the MD, SHA chart, (D-79-18(4)), the allowable bearing capacity for the uniform 

fine sand with 30 blows/ft is 6000 lb/ft2. 

b) Using the new charts, for a blow count of 30, x1 = 37.75 and x2 = 28.15. 

Then 

 [ ]15.2875.37110 ×+×= BDqult  

For B = 2 ft 
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Fig. 5.1 Comparison between the current and new graphs for Example 1. 
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 [ ] 1865015.28275.373110 =×+×=ultq  

For a factor of safety of 3 

 2lb/ft 6217
3
650,18

==allq  

The computations for the other widths are thus: 

B 
(ft) 

qult 
(psf) 

qall 
(pfs) 

   
2 18,650 6,217 
4 24,844 8,281 
6 31,036 10,346 
8 37,230 12,410 

 

 Figure 5.2 shows the allowable bearing pressure as a function of the width B plotted 

using the State graphs and using the new graphs.  Again the State charts produce very 

conservative results. 

Example 3 

 In this example, the footing of the retaining wall of Example 1, is now resting on clayey 

soils with an average blow count of 10 blows/ft. 

Solution: 

a) Using the MD, SHA charts (D-79-18(4)), (Fig. 1.2) the allowable bearing capacity 

will range from 1000 psf to 2800 psf. 

b) Using the new graphs, the allowable bearing capacity is a function of the type of clay.  

If the clay is of medium plasticity, qall for a factor of safety of 3 will vary from 1680 

to 3913 psf.  If the clay is of high plasticity, qall will vary from 3913 to 5967 psf.  

Again the State charts produce very conservative results. 
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Fig. 5.2 Comparison between the current and new graphs for Example 2. 
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CHAPTER VI 

CONCLUSIONS 

 In this study, new graphs were developed to replace MD SHA graphs for determining the 

allowable bearing capacity of shallow foundations, Policy and Procedures, Memorandum Memo 

No. D-79-18-(4), March 29, 1979, relating the SPT N-value to the maximum advisable 

presumptive bearing value.  The new graphs consider the effect of depth, size and shape of the 

footing, type of soil, factor of safety, and the location of the water table.  The new graphs are 

based on the AASHTO bearing capacity equations.   By knowing the SPT N-value, the width of 

the footing B, the depth of the foundation, D, the engineer will be able by using the graphs to 

came up with a quick estimation of the ultimate bearing capacity. 

 The SPT should be used with discrete judgment when it is used to estimate the bearing 

capacity of cohesive soils since silt and clay may be stiffened or softened depending on an 

increase or decrease of their moisture contents.  Additionally, the SPT number may be 

misleading if large-size gravel is wedged into the split spoon sampler resulting in apparently high 

N-values. 

 Although the goal of the present study is to produce charts providing quick estimates of 

the bearing capacity, one should not forget that settlement is a controlling mechanism in 

foundation design and was not addressed within the scope of this project. 
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x1 and x2 as a function of ϕ 
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A.1.  x1 and x2 factors as a function of N60 and ϕ for a wall footing 

N60 ϕ x1 = Nq Nγ x2 = 0.5Nγ 
2 27.60 14.11 15.82 7.91 
4 28.20 15.06 17.24 8.62 
6 28.80 16.09 18.82 9.41 
8 29.40 17.22 20.56 10.28 
10 30.00 18.40 22.40 11.20 
12 30.60 19.74 24.55 12.28 
14 31.20 21.14 26.84 13.42 
16 31.80 22.67 29.37 14.69 
18 32.40 24.34 32.21 16.10 
20 33.00 26.09 35.19 17.59 
22 33.60 28.10 38.71 19.36 
24 34.20 30.21 42.45 21.23 
26 34.80 32.53 46.64 23.32 
28 35.40 35.08 51.34 25.67 
30 36.00 37.75 56.31 28.15 
32 36.60 40.85 62.24 31.12 
34 37.20 44.12 68.56 34.28 
36 37.80 47.73 75.66 37.83 
38 38.40 51.74 83.72 41.86 
40 39.00 55.96 92.25 46.12 
42 39.60 60.90 102.55 51.27 
44 40.20 66.14 113.57 56.79 
46 40.80 71.96 126.06 63.03 
48 41.40 78.49 140.35 70.18 
50 42.00 85.38 155.55 77.77 

 



A-3 

 

A.2.  x1 and x2 factors as a function of N60 and ϕ for a square footing 

N60 ϕ 1 + tan ϕ Nq x1 Nγ x2 
2 27.60 1.523 14.11 21.49 15.82 4.75 
4 28.20 1.536 15.06 23.13 17.24 5.17 
6 28.80 1.550 16.09 24.94 18.82 5.65 
8 29.40 1.563 17.22 26.91 20.56 6.17 
10 30.00 1.577 18.40 29.02 22.40 6.72 
12 30.60 1.591 19.74 31.41 24.55 7.37 
14 31.20 1.606 21.14 33.95 26.84 8.05 
16 31.80 1.620 22.67 36.73 29.37 8.81 
18 32.40 1.635 24.34 39.79 32.21 9.66 
20 33.00 1.649 26.09 43.02 35.19 10.56 
22 33.60 1.664 28.10 46.76 38.71 11.61 
24 34.20 1.679 30.21 50.72 42.45 12.74 
26 34.80 1.695 32.53 55.14 46.64 13.99 
28 35.40 1.711 35.08 60.02 51.34 15.40 
30 36.00 1.727 37.75 65.19 56.31 16.89 
32 36.60 1.743 40.85 71.20 62.24 18.67 
34 37.20 1.759 44.12 77.61 68.56 20.57 
36 37.80 1.776 47.73 84.77 75.66 22.70 
38 38.40 1.793 51.74 92.77 83.72 25.12 
40 39.00 1.809 55.96 101.23 92.25 27.68 
42 39.60 1.827 60.90 111.26 102.55 30.77 
44 40.20 1.845 66.14 122.03 113.57 34.07 
46 40.80 1.863 71.96 134.06 126.06 37.82 
48 41.40 1.882 78.49 147.72 140.35 42.11 
50 42.00 1.900 85.38 162.22 155.55 46.67 
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APPENDIX B 
 

Shear Strength vs. SPT-values 
 
 
 






















































































